EEE 331 - SISTEM KAWALAN I OKT-NOV 1995 by PPKEE, Pusat Pengajian Kejuruteraan Elektrik & Elektronik
UNIVERSITI SAn~S MALAYSIA 
ARAHAN KEPADA CALON : 
Peperiksaall Sem.ester Pertama 
Sidang AkadeInik 1995/96 
Oktober - J~CJv,ember 1995 
5gE 331 . .. ~iisu::m KaWalan I 
Masa. : [3 jam] 
Sila pastikan bahawa kertas peperiksaan ini meMigandungi 9 trlUka surat bercetak dan ENAM 
L§l soalan sebelum andamemulakan peperiksaatl ini. 
Jawab LIMA ~ soalan. 
Agiban markah bagi soalan diberikan di sut seb,!lah kanan sOOan berkenaan. 




1. <a) Pertimbangkan sistem ~~aw'alaD yang tertera dalam Rajah 1.1 
dengan S'Datu pemampas ~i)etl<l\(adaraD Gc(s) = K digunakan. 
Consider the control s),s'tenr shown in Figure 1.1 in which a proportional 







~'Ddaika :n babawa suatu spesifikasi ke atas sistem kawalan 
dikenakllo iaitu ralat &l.eadaao mant.I~' eslt untuk luatu input 
pematar ulfliti mesti kurarlll dlaripada 2 % . input masukan. 
Suppose that a specification on the control system is that the steady-state e"or, 
eSSt jor a constant input oj unity f.nust be less than 2% oj the constant input. 
(i) Te:ntukan jenis si,stem. 
Detlf.!rmine the system .type. 
(ii) Hitung ralat keadaan malltap sebagai fungsi K. 
Ca~/culate the steady-.slate ,errDr a.f a function oj K 
... 3/-
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(nii) Deogau Ineollunali:.anl 'kriteria keltabilan Routh, tentukan 
sa.na ada spesifika:d fOldat keadaan mantap dapat dipenuhi 
atalll tidak. 
Using the Routh stability cdteria determine whether the steady-state 
error specification can be met or not. 
(60%) 
(b) Sistem dalam lContoh di atas ~lkara diselidiki bagi kes untung K 
digantikan deng.nn penulmpas PI d engan berfungsi pindab. 
The .~ystem in the above example will be investigated jor the case that the gain K is 
replaced with a PI compel'L"}ator with rhe transfer function 
Carl Julat Kp untuk kestabila:ll. Jika kita set Kp=3, hituag nilai KI 
untuk kestabiian" 
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2. Diberi skema sistem kawalan kedludukan azimut anteoa yang tertera di 
dalaBI Rajab 2 .. 1, 
Given the schematic for the antenna azimuth position control system shown in Figure 
2.1. 
<a) Cari fUOISi pindah ~:elulllg tertutuJ!l dengan mengKuDakan 
peDgurslllgan gambarajah bloke 
Find the closed-loop transjer./unc,tlon using block diagram reduction. 
(10%) 
(b) Wakilkall setiap sub.ist.~m dengan suatu graf aliran isyarat dan 
carikan I)e!rwakilan ruaJltI~ :keadaan sistem kawalao gelung tertutup 
daripada graf alb'an isyat'at. 
Represent f,tJch subsystem wUh a signal-flaw graph and find the state-space 
representation of the c/osed-lc)()p ,~:vst~~m from the signal-jlow graph 
(10%) 
<c) Gunakan. graf aliraD isynrai: yang didapati daripada bahagian(b) 
bersama peraturao Mas;!)n lIotuk meD4~ari fUDISi pindah geluDa 
tertutup. 
lIse the signal-flow graphfoj~'ndin part (b) along with Mason's rule tofind the 
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, 
masa pu:of:ak, peratus laJak:1D dan masa penetapan sistem leluna 
tertutup uotuk K = 1 OOO~ 
Replace the power amplifier 'rvitn a tran.ifer junction of unity and evaluate the 
closed-loop peak time, percent overshoot, and settling time for K = 1000. 
(20010) 
(e) Untuk sistem bahaaian (Cl), tf!rbitkan unl~kapan sambutan laDlkab 
gelung tertutup sistem t:cH'ebut. 
For the system of part (d), derive the expression for the closed-loop step 
response of the system. 
(20%) 
(f) V'otuk m.odel yang telah dip'ermudahkan dalam bahalian (d), cari 
nilai K yang menghasilknn hljakan 100/0. 







',,(5) 100 EJs) 





Motor & load 
0.2083 




3 • " Diberi sistem kawaian aenglllR fllli, ~;si pilioan 
Given the control systenr with the transjerjunction 
cari ulltung prapenguat yang dikehendaki uratuk lajakan 25% denaan 
meOllunak.an IOlllldar punca. 
find the preamplifier gain required }~)I" 25% overshoot using root locus. 
(100%) 
4 . Unt1Jlk sistem suapbaUk unit:i, d,ellt~~an 
For th~~ unity feedback ,\ystem, when~ 
G(s) .. __ ._ .. _. K ... ,_~ 
s(s + 3)(5 + 5) 
cari julat untung, K~, "ntuk k.!~~tafbnan dan nihli untuog untuk kestabilan 
sut. Untuk k ,estabUan sut, c:f\ri frekuensi ayunan. GUllakan kriteria 
Nyquist. 
find the range of gain, K, jor stability {ltnd for instability, and the value of gain for 
marginal stability. For lnarginal st(~ biliJ'YJ also find the frequency of oscillat~on. Use 
the ~lyquist criterion. 
(100%) 
... 7/-
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5. <a) GunaKalll I)iot Boue uirn" ti.i'~ iiieiientukan 
!.uapbaIU~ uniti menjadi stabiil. Bhlrkan 
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sistem 
Use Bode plots to determine the range of K within which the unity feedback 
system ;s siable. Lei . 
K 
G(s) . ." (S~ .. 2)(5 + 4)(5 + 5) 
(60%) 
(b) 4Jika K ::: 200 daJam sist ~~m 5(a) di atas~, tentukan sut untung dan 
sut fasa. 
If K =: 200 in the above systen:.1 5e~:~'~ find the gain margin and the phase margin. 
(40%) 
6. <a> Pertimbangkan kapal yal)ig tertera dalam Rajab 6.1. Suatu 
IgaogguaJ' boleb Inenyebab~aln kapal beroleng pada paksi yang 
ditunjukkall1. Jika fUID llSi pindab yalll menghubungkan sudut 
olengan k.~luaran kepada m.8lsukan tork-gangguan ialab 
Consider the ship shown in Figure 6.1. A disturbance can cause the ship to roll 
about the axis shown. If th(;r transfer junction relating the roll-angle output to 
the disturbance-torque input is 
. 2.25 
.:. --:;11111. ___ , 
S~ .. + O .. 4!s+ 2.25 
hituog yllng berikut: 
find the joIlawing: 
... 8/-
3 p. ~:< ... ), ) 
- 8- [BEE 331] 
(i) FreJlLuensli semul. j.d~ oisbab pelemati, mala pUBcak, mala 
peDtefapan, masa nalk dan peratul lajaun. 
The natural frequency~ {/al"ping ratio, peak time, settling time, rise time, 
and percent overshoot, 
(ii) Saltlbutan keluaran telrl~lacllap gaDlluan tork lanlkah. 
The output response to 11 St4!?P disturbance in torque. 
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(b) Rekabenhllk nilai untnlng, K, untuk sistem kawal.n suapbaUk 
dalam Rajah 6.2 ag •. r :s ist.:!m akan menyambut dengan Jajakao 
JlO%. 
IJesign the value oj gain, .K .for tire feedback control system of Figure 6.2 so 
that the sy.~teln will respond 1011 ith a 10% overshoot. 
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